Background: Fungi were grown elsewhere in the soil, water, and food, and fungi cause many of the problems during growth on food in stores. This study investigated the occurrence and frequency of fungi in four governorates in Yemen. Twenty-nine site samples of poultry rations were collected from four governorates in Yemen, in order to study the occurrence of fungi and production of mycotoxins. Results: Fungi associated and isolated from poultry ration were identified as Aspergillus flavus, Aspergillus niger, Aspergillus candidus, Aspergillus carneus, Fusarium moniliforme, Penicillium chrysogenum, Penicillium spp., Mucor sp., and Rhizopus nigricans. Frequency from Sana'a companies showed that F. moniliforme was significantly dominant (38.82%), followed by Aspergillus flavus (15.84%) and Aspergillus candidus (16.44%). While, from Taiz companies showed that Aspergillus flavus significantly was dominant (35.78%), followed by Fusarium moniliforme (29.26%). The results indicated that the samples collected from Taiz companies showed that high concentrations of aflatoxins ranged 26-45 ppb, than other samples which were collected from Sana'a while the fumonisins were 1-5.9 ppm. Moreover, lower concentrations of fumonisins were collected from Taiz companies (0.65-0.93 ppm). Aflatoxins in samples collected from farmer's poultry in Taiz and Dhamar were 42.5 ppb. Also in samples from Sana'a and Ibb, the high concentration found is 39 ppb. The maximum significant mean of aflatoxins production was 25.2 ppb at 25°C. Aflatoxins production was decreased at lower or higher tested temperature (3.6, 9.93 ppb) at 15°C and 35°C respectively. Similarly, fumonisin produced at 25°C was 1.65 ppm, but decreased at lower or higher temperatures tested 1.3 and 0.54 ppm at (15°C and 35°C respectively. Conclusion: This study found that the poultry rations were highly contaminated by fungi. Moreover, some of the fresh samples contain high level of aflatoxins and fumonisin. On the other hand, this level may cause significant economic losses in the poultry industry in Yemen.
Introduction
Many strains of fungi can grow in food stores and can cause many problems on food or in human and animal health. Some fungi, Aspergillus (A.), Penicillium (P.), and Fusarium (F.), are isolated from the corn grains and sunflower seeds (Abdel-mallek et al. 1993; Nepote et al. 1997; Castella et al. 1999a) . While Nijs and De-nijs (1997) found isolated Fusarium spp., and found in 83% of 69 cereal samples from batches intended for food or feed production and harvested in the Netherlands. Twelve secondary metabolites from Fusarium spp. are indicated. Also, Bottalico (1997) reported that several Fusarium species occurring on pre-harvest cereals in Europe cause widespread stalk and ear rot of maize and head blight of small cereals. Magnoli et al. (1999) and Park et al. (1999) found nine species of Fusarium, and the highest counts were for (F.) dlamini, Gibberella fujikuroi var. subglutinans, G. fujikuroi, and F. nygamai. Strains of G. fujikuroi, F. nygamai, and F. proliferatum. Orsi et al. (2000) analyzed the mycoflora in stored grain samples of maize and was the most prevalent species (59.2%) of Fusarium. The mycotoxicological evaluation indicated contamination with fumonisin B1 and fumonisin B2. Dasilva et al. (2000) reported that the results show a predominance of the genera Phoma, Aspergillus, Fusarium, and Rhizopus. The species most frequently found were Aspergillus flavus and Fusarium moniliforme of the samples analyzed. Nepot et al. (1997) and Chau et al. (1997) analyzed maize samples collected and found that the high percentage of fungi were Aspergillus flavus and A. parasiticus. While Castella et al. (1999b) showed the species Aspergillus, penicillium, and Fusarium were the most frequent genera. The effect of temperature and moisture content on occurrence of fungi on grains was investigated by Desjardins et al. (2000) and Orsi et al. (2000) , and showed that the Fusarium spp. have significant negative correlations with temperature and relative humidity of the air. The most important factors are grain moisture content, and the optimum temperature for (A.) flavus to grow is 80-90°F.
Concomitant incidents of toxicities in geese and broiler chickens associated with ochratoxin-A contaminated corn [maize] at farms are reported. A feeding of a shipment of imported maize caused a severe reduction in growth and increased mortality in geese, and increased mortality in broilers (Nepote et al. 1997; Mde and De-Nijs, 1997; Bottalico, 1997; Chau et al. 1997; MEdi et al. 1997; Pascale et al. 1999) . Mycotoxins are fungal metabolites that are toxic when consumed by animals, including human beings. Aflatoxins are powerful tasteless, odorless, and colorless mycotoxins, which are chemical metabolites produced by certain strains of Aspergillus fungi. Fumonisins, produced by Fusarium moniliforme [Gibberella fujikuroi] and F. proliferatum (Begum and Samajpati, 2000; Medina-Martinez and Martinez, 2000; Kpodo et al. 2000) of the currently identified fumonisins, B1, B2, and B3, are the most abundant in naturally contaminated foods and feeds, and fumonisin B1 (FB1) generally comprises 75% of the total content (Proctor et al. 1999; Abbas et al. 1999) . Reports on suspected damage in poultry farms caused by contaminated poultry rations by mycotoxins have been frequently made by farmers in Sana'a District, and samples contaminated by mold were delivered at the Faculty of Agriculture Labs-Sana'a University. Aflatoxicosis is a poisoning that results from ingestion of aflatoxins in contaminated food or feed. Several studies have reported the negative effect of aflatoxins in birds including reduction in performance, pathologic alterations in important organs such as the liver and kidneys and also the interference in immune system of birds. Aflatoxicosis has the same toxic effects in poultry as it does in mammals. A dose of 0.25 ppm of aflatoxins in turkey poults and ducklings impairs growth, and a dose of 1.5 ppm in broilers and 4 ppm in Japanese quail has a negative effect on growth. Aflatoxins are also cancer promoters and an immunosuppressant factor. Effects are possible on poultry and small swine at 20 ppb. The toxins may occur in storage under conditions favorable for the growth of the toxin-producing fungi; these fungi commonly attack grains and can grow at temperatures from slightly above freezing to about 86°F. Toxins such as T-2 and HT-2 are produced over a temperature range of 46°F to 77°F, with the maximum production at temperatures below 59°F. Conditions that favor to aflatoxin are the invasion of corn by Aspergillus flavus in the field and drought stress or damage to the corn ear by ear worms or other insects, birds, hail, or early frost. High temperatures, high relative humidity around the kernels, and kernel moisture below 30% (wet basis) are ideal conditions for fungal invasion of the kernel. The optimum temperature for aflatoxin production in storage is between 25°C and 32°C (77°F and 90°F). The effect of moisture and temperature on mycotoxins secretion by fungi (Christensen, 1969 ) studied some strains Aspergillus flavus Aspergillus glaucus, A. candidus, and A. flavus-oryzae, and penicillium to producing aflatoxins and found with moisture contents of 17 to 20% and at 12°C and 27°C for various lengths of time. In most of the tested, A. glaucus and A. candidus predominated. In some samples, A. flavus and penicillium increased very little if at all, even though the moisture content and temperature were favorable to them, whereas in other samples stored under similar condition, one or the other of these predominated. Tsai and Yu (1999) also investigated the Aspergillus parasiticus and found that aflatoxin was also both produced sooner and degraded more rapidly at aw = 0.98. After moisturization and incubation of these commercial samples at 28°C for 29 days, the incident rates of aflatoxigenic molds increased to 65% and 52% by plate count and ELISA, respectively. While Ryu and Bullerman (1999) studied the effects of temperatures cycling between 5°C and 20°C, 10°C and 25°C, and 15°C and 30°C on the production of fumonisin B1 (FB1) and ergosterol by Fusarium moniliforme and Fusarium proliferatum on rice. Also Orsi et al. (2000) reported that Fusarium spp. showed significant negative correlations with mean temperature and relative humidity of the air. Many of the problems appeared in poultry farmers and caused different diseases in poultry as well as death in the poultry in big numbers or showed dwarfed chicken in the market. So this study investigated this problem which caused the big losses in the economy. Hence, this study is the first study that aims to investigate the contamination of poultry rations (ground maize) by fungi and mycotoxins in four governorates (Sana'a, Dhamar, Ibb, and Taiz) of Yemen and under different environmental conditions at stores of poultry rations supply companies and at farmer's poultry farms. Methods of detecting mycotoxins in general are enzyme-linked immuno-sorbent assay (ELISA). The later method only is available and therefore is used. Recommendations on minimizing mycotoxins are to be suggested.
Materials and methods

Location and collection samples
Twenty-nine site samples of poultry rations were collected from four Yemeni Governorates, namely, Sana'a, Taiz, Ibb, and Dhamar. Samples were randomly taken from different stores of companies which imported poultry rations and from small farmer's poultry farms. 1 kg ration for each sample was collected and transferred into plastic sealed bags and was taken for further analysis at the Plant Pathology Laboratory of the Faculty of Agriculture, Sana'a University.
Isolation of fungi
Poultry rations-associated fungi were isolated according to the method described by Reinaldo et al. (2000) Stock solution containing 10 g of each poultry ration sample was added into 90 ml sterilized distilled water to obtain a 10-1 stock dilution and shaken manually, from which 10-fold serial dilutions up to 10-4 were made using the same diluents 1 ml volumes of each dilution were added and spread onto Petri dishes containing 10-15 ml Czapek's medium (sodium nitrite 2 g, potassium chloride 0.5 g, magnesium sulfate 0.5 g, sucrose 30 g, dipotassium phosphate 1 g, ferrous sulfate 0.1 g dissolved in 1000 ml distilled water). Each treatment was replicated three times. Plates were then incubated at 25°C for 7 days and examined daily for colonies frequency of prevailing fungi.
Identification of fungi
Each colony initiated from single isolated spore was transferred into slant of Czapek's medium for identification and further investigation. The isolated fungi were identified up to the species level according to Alexopoulos and Mims (1979) , Pitt (1979) , AUMC (2001) , and Pitt and Hocking (2013) . Pure cultures grown onto Czapek slants were kept at low temperature (5°C) to further study fungi such as Fusarium moniliforme and Aspergillus flavus.
Occurrence and frequency of fungi
Contamination or fungal occurrence frequency was recorded for each sample. Fungal occurrence frequency was recorded as colony count number for each dilution and determined as percentage of each fungus frequency occurrence for each sample. Data were analyzed using SAS (statistical analysis system) software program for all designs included in the experiments.
Determination of moisture
The moisture content (M.C.) of ration samples was determined according to the method described by Melcion et al. (1997) as follows: 10 g of ration samples was accurately weighted and dried in the oven at 130°C for 4 h, then reweighed.
Moisture content percentage of the ration was calculated on a dry weight basis as follows:
Where A = the weight of the sample before drying. B = the weight of the sample after drying.
Chemicals and equipment
Elisa Kits and standard of aflatoxins and fumonisin were purchased from (R-Biopharm Company, Germany). Aspergillus flavus and Fusarium moniliforme were isolated from maize and identified in Plant Pathology Laboratory, Agriculture College, Sana'a. Methanol, filter paper Whatman 1, and micropipettes were purchased from, without border company, Sana'a, Yemen.
Determination of aflatoxins and fumonisins in poultry ration samples collected from four governorates Preparation of samples
Collected samples were stored in a cool place, protected from light. Each representative sample (according to accepted sampling techniques) was ground and thoroughly mixed prior to proceeding with the extraction procedure. Extraction was done as follows:
Weigh of 10 g of ground sample added into a suitable container containing 50 ml of 70% methanol. Samples were shaken vigorously for 3 min. Extract was filtered through Whatman No. 1 filter. Filtrate of 1 ml was diluted to in 1 ml distilled water. 50 μl of the diluted filtrate was used per well in the test.
Test procedure
Elisa technique was used for determination of the level of mycotoxins using R-Biopharm, Germany kits (RIDASC-REEN FAST) at the Labs of Yemen Standardization Metrology and Quality Control Organization as follows:
A sufficient number of wells were inserted into the micro-well holder for all standards and samples to be run. Standards and sample positions were recorded. 50 μl of each standard or prepared sample were pipetted into separate wells and a new pipette tip was used for each standard or sample. 50 μl of enzyme conjugate was added to the bottom of each well.
50 μl of anti-aflatoxin antibody solution was added to each well. The plate was gently mixed by rocking manually and incubated for 5 min (± 0.5) at room temperature (20-25°C/68-77°F).
The liquid was dumped out of the wells into a sink. The micro-well holder was taped upside down onto a clean filter towel (three times in a row) to remove all remaining liquid from the wells. Using a wash bottle or multi-channel pipette, the wells were filled (250 μl per well) with distilled water or washing buffer. The wells were discharged again, and all remaining liquid was removed. The washing step was repeated two more times. Tow drops (alternatively 100 μl) of substrate/ chromogen were added to each well, were mixed gently by rocking the plate manually, and were incubated for 5 min (± 0.5) at room temperature (20-25°C/68-77°F) in the dark. Tow drops (alternatively 100 μl) of stop solution added to each well and mixed gently by rocking the plate manually, and the absorbance at 450 nm was measured by ELISA reader against an air blank within 10 min and compared with the FAO standard.
Effect of temperature on aflatoxin and fumonisin production in poultry ration samples
Each isolate of Aspergillus flavus and Fusarium moniliforme was grown on natural substrate, 100 g of poultry ration, in 250 ml Erlenmeyer flasks. This substrate was prepared by autoclaving at 121°C for 30 min with 35 ml of distilled water. After cooling, poultry rations were inoculated with an aqueous conidial suspension (1 ml) of (106) spores obtained from Czapek's medium agar (CMA) cultures. Three flasks of every isolate were inoculated and incubated in darkness at 15, 25, and 35°C for 28 days.
To avoid clump formation, the flasks were hand-shaken during the first days of incubation. After the incubation period, these cultures were dried at 60°C for 48 h, finely ground with a warring blender, and stored at 4°C for mycotoxins analysis (Magnoli et al. 1999; Melcion et al. 1997 ).
Statistical analysis
Analysis of variance was conducted for all parameters using the SAS software program NC 27513, USA. Means of the aflatoxins, fumonisin, and frequency of fungi were compared using LSD 0.05 and T test (P ≤ 0.05). The correlation between the mycotoxins and the different parameters (moisture and temperature) were also determined.
Results
Moisture contents in poultry ration samples collected from areas under study Data in Table 1 show mean of colonization of fungi associated with samples collected from all sources under study. Maximum mean of colonization given was 83 colonies confined with 10% moisture content in sample collected from Sana'a poultry farm, a farm in which chickens were suffering from dwarfism or loss of weight as reported by the farm owner. Other sample range of moisture contents percentage range was 9.4-13.6% differed significantly. The least significant mean of company confined with 12.1% moisture content in samples was collected from Sana'a.
Isolation and identification of fungi
The most frequent fungi are shown in Table 2 . The results indicated that the most dominant fungi were Fusarium sp., Aspergillus spp., and Penicillium spp., and they appear in high frequency in most of poultry ration samples.
Isolation and identification of fungi associated with poultry ration samples collected from four governorates in Yemen proved that fungi isolated are Fusarium moniliforme, Aspergillus flavus, A. carneus, A. candidus, A. niger, Penicillium chrysogenium, Penicillium spp., Mucor sp., and Rhizopus nigricans.
Frequency of fungi isolated from poultry ration samples collected from poultry ration supply companies Data in Fig. 1 and Table 3 showed the frequency and species of molds in samples collected from poultry ration supply companies in Sana'a and Taiz governorates. Means of Fusarium moniliforme frequency percentage prevailed from stock solution prepared were 66.7, 23.5, 70.6, 33.3 , and 0% in the five samples tested, respectively. Aspergillus flavus showed 16.7, 17.6, 2.9, 36.1, and 5.9% for the same samples tested. Penicillium spp. range of occurrence in the five samples collected was 6.7-13.9%. Other fungi occurrence was either negligible or zero. The most significant mean of occurrence (38.82%) was given by Fusarium moniliforme, followed by (15.84%) given by Aspergillus flavus and 16.44% given by Aspergillus candidus. Other fungi isolated from samples collected from poultry ration supply companies in Sana'a did not show significant occurrence. While the means of fungi in Taiz company occurrence frequency prevailed from stock solution given by Aspergillus flavus isolated from five samples tested were 52.4, 41.2, 5.9, 50, and 29.4%, respectively. Fusarium moniliforme occurrence means were 21.5, 35.3, 64.7, 18.8, and 5 .9% for the same samples, respectively. Other fungi occurrence percentage was not significant. The highest significant mean of occurrence recorded was given by A. flavus (35.78%), (Fig. 1 and Occurrence frequency of isolated fungi in samples collected from farmer's poultry farms in four governorates Data in (Fig. 2 ) indicated that range of Aspergillus flavus associated with poultry ration samples in Sana'a was (17.2%). The highest range of occurrence having a mean of (28.7%) was given by Fusarium moniliforme, followed by (24.8%) given by Aspergillus carneus and (17.9%) was given by Penicillium chrysogenum. Other fungi isolated were with negligible occurrence. Samples of poultry rations collected from Sana'a poultry farms proved that samples collected from Sana'a area ranked the most contaminated poultry ration samples (27%). Samples of poultry rations collected from Taiz farms show that for Aspergillus flavus occurrence was (15.6%). However, Fusarium moniliforme contaminating poultry ration samples in Taiz has the highest mean of 48.8%, followed by 21.3% given by Penicillium chrysogenum. Other fungi listed in poultry ration samples in Taiz were 19%. The highest significant occurrence frequency range of Aspergillus flavus was given in Ibb area with mean of (14.4%). However, in Ibb area, Fusarium moniliforme was 50%. Other fungi isolated from ration samples were minors. Total percentage of occurrence of molds in Ibb poultry farms was 26%.
In Dhamar area, Aspergillus flavus isolated from ration samples showed an occurrence frequency with a mean of (22.9%). While Fusarium moniliforme occurrence was (55.7%). Total percentage of occurrence percentage of molds in Ibb poultry farms was 28%.
Determination of aflatoxins and fumonisins in poultry ration samples collected from poultry ration supply companies Table 4 showed means of aflatoxins and fuminosin levels in poultry ration samples. Samples collected from Sana'a poultry ration supply companies (SPRSC) contained 1.6 ppb aflatoxins and 2.8 ppm fumonisins mycotoxins; the highest level for fumonisins shows about 5.9 ppm. Aflatoxins in samples collected from Taiz poultry ration supplies companies (TPRSC) were higher (28.5 ppb) than those reported in SPRSC samples about 45 ppb. However, fumonisins detected in poultry samples collected from TPRSC were less (0.76 ppm) than those detected in SPRSC samples.
Data in
Determination of aflatoxin and fumonisin levels in poultry ration samples collected from farmer's poultry farms in four governorates Table 5 indicate that the aflatoxin level in Sana'a farmer's poultry farms ration some sample contained the highest significant levels of aflatoxins (39 ppb), while some samples was observed only (2.3 ppb).
The sample which collected from Taiz farmer's poultry farms and samples in Dhmar farmer's poultry farms showed the highest significant level of aflatoxins (42.5 ppb). Other samples collected from Taiz poultry farms showed also significant concentration 21 ppb from other samples which were observed at 3.8 ppb, 1.5 ppb, and 1.1 ppb. In Dhmar poultry farms, the aflatoxin level average between 14 ppb and 2.7 ppb were detected in samples.
In Ibb poultry farms, some samples showed highly significant levels of 39 ppb and 38.5 ppb of aflatoxins. The mean of aflatoxins in Ibb poultry farms was 28.97 ppb. Concentrations of aflatoxins in the four governorates differ significantly where Ibb and Taiz showed the highest levels of aflatoxins determined (Table 5) .
The highest ever concentration of fumonisins was detected in sample were collected from Sana'a, Ibb, and Taiz poultry farms 5, 4.3, and 3 ppm respectively. Mean of fumonisins concentration in samples collected from Dhmar was 0.67 ppm, reflecting the least amount detected.
Effect of three moisture content levels on concentrations of aflatoxins and fumonisins produced in poultry rations
The results indicated in Fig. 3 the effect of three levels of moisture contents on means of aflatoxins and fumonisins production at 15% moisture content, where aflatoxins mean detected was 3.97 ppb. While at 25% moisture content, aflatoxins produced significantly increased up to 16 ppb in comparison with that given by lower ones mentioned.
For fumonisins produced at the three levels of moisture contents used, means of fumonisins detected were 0.20 ppm, 0.35 ppm, and 0.26 ppm at 15%, 20%, and 25% M.C. respectively. No significant difference for fumonisin levels detected was given at all moisture content levels tested.
Effect of three levels of temperature on concentrations of aflatoxins and fumonisins produced in poultry rations
Effect of temperature on concentration of aflatoxins and fumonisins produced is observed in Fig. 4 . Mean of aflatoxins produced at 15°C was 3.6 ppb. While highly significant increase in aflatoxins produced at 25°C was 25.2 ppb. However, secretion of aflatoxins by A. flavus decreased (9.93 ppb) as temperature increased up to 35°C. For fumonisin levels produced at the three levels of temperature used, means detected were 1.3 ppm, 1.68 ppm, and 0.54 ppm respectively. No significant difference for fumonisin levels was detected at all temperature levels tested.
Effect of temperature on concentration of aflatoxins and fumonisins produced was studied. Aflatoxins mean produced at 15°C was 3.6 while highly significant increase in aflatoxin mean 25.2 ppb was produced at 25°C. At 35°C, mean of aflatoxins determined in three replicated ration samples tested was 9.93 ppb.
Discussion
Moisture contents in poultry ration samples collected from areas under study However, other samples collected from Sana'a did not differ significantly in either for their moisture contents or for their mean of colonization. In Taiz, moisture contents of samples differed significantly and ranged 9.1-18.3%. For ration samples collected from farmer's poultry farms, range of moisture contents for the same samples was 7.7-18.3%. However, the highest colonization was coincided with the highest level of moisture content percentage. The least samples colonization significance was given by all commercial samples. This result was in agreement with the reports by Gloria et al., Shetty (1997), and Bhat (1997) .
Isolation and identification of fungi
Data on fungi occurring in poultry ration obtained in Yemen are coincided with those reported in different countries by Abdel-mallek et al. (1993) , Nijs and De-Nijs (1997), and Bottalico (1997) . Results of the present work showed a predominance of the genera obtained (F. moniliforme, A. flavus) with those reported by Dasilva et al. (2000) who reported the predominance of the genera Castella et al. (1999a) and Dasilva et al. (2000) . Therefore, only Fusarium moniliforme and Aspergillus flavus were subjected for further studies.
Occurrence frequency of isolated fungi in samples collected from farmer's poultry farms in four governorates
Occurrence and frequencies of fungi isolated from samples collected from poultry ration supply companies in Sana'a and Taiz showed that Fusarium moniliforme ranked the most contaminant frequently occurring in samples collected from poultry ration supply companies in Sana'a followed by Aspergillus flavus. For samples collected from Taiz poultry ration supply companies, data proved that Aspergillus flavus exhibited the most frequently occurring contaminant followed by Fusarium moniliforme. Other contaminants are either negligible or absent. Contamination with fungi increased in samples collected from poultry farms mostly in all governorates. On the other hand, Fusarium moniliforme was also dominant in samples collected from farmer's poultry farms in all governorates followed by Aspergillus flavus. Results strongly indicated that poultry rations distributed to poultry farmers were already contaminated at the source of origin. Three genera of fungi-Aspergillus, Penicillium, and Fusarium (Gibberella)-are the ones involved most frequently in cases of mycotoxin contamination in corn, small grains, and soybeans which are the major constituent elements of poultry rations, and the Fusarium was detected in 83% of 69 cereal samples from batches intended for food or feed production Nijs and De-nijs (1997) reported that several Fusarium species occurring on pre-harvest cereals in Europe cause widespread stalk and ear rot of maize and head blight of small cereals. They also lead to the accumulation of mycotoxins in infected ears. There is increasing evidence for the occurrence of toxigenic strains of Fusarium moniliforme [Gibberella fujikuroi] and FB1 mycotoxin in infected maize ears all over Europe. Such reported data are strong evidence explaining how the poultry ration constituents imported from abroad into Yemen are born with primary source of infection and molds. Such fact inconceivably also harden the beliefs in that contamination of poultry ration formulated from infected maize, soybeans, and cereals used in poultry ration formulation starts at the growing duration in the field. In case of maize contamination with Aspergillus flavus, three Aspergillus species were isolated from different agroecological zones, with Aspergillus flavus being the most prevalent. The country-wide mean percentage of kernel infection was c. 20% in two successive years (Setamou et al. 1997) . Data obtained in the current study in Yemen also are in agreement with these reports by Magnoli et al. (1999) and Orsi et al. (2000) who reported that microbiological analysis revealed a predominance of Fusarium species, which presented the greatest total number of CFUs per gram in three maiz hybrids, followed by Penicillium spp., Aspergillus spp., and 10 other fungal genera. Fusarium moniliforme [Gibberella fujikuroi] was the most prevalent species (59.2% of Fusarium isolates in Br 201, 55.4% in C 125 and 69.2% in Cx 322 (Chau et al. 1997 ). On the other hand, soybeans which is a major element of poultry ration constituent is also subjected to infection by several contaminant and has been evaluated by Park et al. (1999) who isolated a total of 52 isolates of Fusarium species obtained from soybean seeds from various parts of the Korea Republic and identified as F. oxysporum, F.
Moreover, data are in agreement with findings reported by Orsi et al. (2000) , Proctor et al. (1999) , Jindal et al. (1999) , and Ono et al. (1999) . The performance of fungi colonization and the level of moisture content in the collected poultry ration samples collected from four governorates under study were investigated. All rates of colonization differed significantly by samples. However, the highest rate of colonization (83 colonies) was reported in sample delivered by a farmer owing a poultry farm suffering from chicken dwarfism or growth loss in Sana'a District. Data also indicated that the high degree of colonization was for samples collected from farmer's poultry farms in general. Although contamination was less at the origin of distribution by poultry ration supply companies, samples were still significantly high. It can be concluded that under such circumstances, farmers are used to buy already contaminated poultry rations and moreover, source of contamination is the poultry ration raw materials imported from abroad. Such assumption was supported by the uniformity of contaminant genera isolated from approximately all samples collected from four governorates under study. Such findings in fact support such assumption data reported by several investigators who confirmed that infection of the imported raw materials used in formulating locally poultry rations started usually at the source of origin during crop growing in fields, (Bottalico, 1997; Park et al. 1999; Orsi et al. 2000; Dasilva et al. 2000; Chau et al. 1997; Jindal et al. 1999; Ono et al. 1999; Gonzalez et al. 1999 ).
Determination of aflatoxins and fumonisins in poultry ration samples collected from poultry ration supply companies It is concluded that contamination of samples with mycotoxins at Sana'a poultry ration supply companies was less than that detected at Taiz supply companies. Data are in agreement with reports raised by Dasilva et al. (2000) who showed that 12.8% of samples tested were contaminated with aflatoxin B1 and 74.2% were contaminated with fumonisin B1. Aflatoxin production is conditioned by abiotic and biotic (genetic) parameters. Among the isolates, Aspergillus flavus and Aspergillus parasiticus produced AFB, Aspergillus flavus produced AFG 1, Aspergillus ochraceus produced ochratoxin-A, Aspergillus japonicus produced sterigmatocystin, and Penicillium citrinum produced citrinin. AFB in the range 333-10,416 μg/kg was produced by Aspergillus spp. in rice, pulses, and oilseeds (Martins et al. 1999) . Data also are in agreement with findings reported by Zhang et al. (1997) who studied 246 samples and found that of 164 maize samples collected from areas in which the risk of human esophageal cancer (HEC) is high, fumonisins were detected in 106 samples at 0.5-16.0 ppm, but of 82 samples collected from HEC low risk areas, fumonisins at 0.5-1.5 ppm were found in 23 samples. The highest level of aflatoxins detected in Sana'a area was 22 ppb. A sample delivered by a farmer owing a poultry farm suffering from chicken dwarfism or loss growth. However, mean of aflatoxins in ration samples collected from Sana'a poultry farms was 12 ppb.
Determination of aflatoxin and fumonisin levels in poultry ration samples collected from Farmer's poultry farms in four governorates
In general, aflatoxin concentrations in ration samples differed significantly, but no significant different was detected in the case of fumonisins.
Similar results were reported by Magnoli et al. (1999) who investigated the production of fumonisins by toxigenic Fusarium species strains and in 158 samples of poultry feeds collected from a factory located in the department of Rio Cuarto, Cordoba province, Argentina. Also, they showed that toxin produced in highest levels by the majority of the strains was FB1. Moreover, they confirmed that the low level of fumonisins detected (0.3-5.0 ppm.) in all samples collected indicates that a genetically component of F. moniliforme biotype is responsible for the pattern of Fusarium moniliforme toxigenic effect in poultry ration samples tested. Also Bottalico et al. (1997) in Accra reported that 15 maize samples from 4 markets and processing sites were analyzed for fumonisins B1, B2, and B3. All samples contained fumonisins ranged from 70 to 4222 mg/kg. Additional studies on maize samples from 15 processing sites in Accra revealed a co-occurrence of both fumonisins and aflatoxins in 8/15 samples (Kpodo et al. 2000) . Data are also in agreement with these reported by Ali et al. (1998) and Proctor et al. (1999) .
Effect of three moisture content levels on concentrations of aflatoxins and fumonisins produced in poultry rations
Data showed that effect of three levels of moisture contents on means of aflatoxins and fumonisins production was different by the level of sample moisture content. No significant difference for aflatoxins produced at 15-20% moisture content was determined. Aflatoxins, zearalenone, and ochratoxin A, and moisture levels and average contamination by aflatoxins B1 + G1 were 14.9, 13.9, and 4.3 μg/kg, respectively when 27.7% of the samples had moisture levels above 14.5% (Gloria et al. 1997 ). Also Magan et al. (1984) concluded that Aspergillus flavus grows best on corn at 18.0-18.5% moisture. Moisture content below 13% prevents invasion by Aspergillus flavus. Fungal growth may begin on corn at moisture content lower than 18.0%. As the fungus grows, the respiration occurs, releasing heat and moisture into the surrounding environment in the grain mass. An increase in the moisture content and temperature of the surrounding corn cause a hot spot. If moisture content and temperature continue to rise, the environment for Aspergillus flavus becomes more favorable. Fungal growth is best at 18% moisture. At 20% moisture content and above, other fungi grow better and crowd out Aspergillus flavus.
Data reported here also indicated that at 25% moisture content, a significant difference between aflatoxins produced at higher moisture contents and at the lower ones tested was determined. Mean of fumonisin levels produced at the three levels of moisture contents used. No significant difference for fumonisin levels detected was given at all moisture contents tested. Data obtained are supported by Shetty and Bhat (1997) who reported that fumonisins B1 contamination in the poultry feed samples ranged from 0.02 to 0.26 mg/kg. Such findings emphasized the importance of small differences in MC in determining safe storage conditions. The rapid moisture equilibration between wet and dry corn indicated that corn could be blended with minimal risk of mold damage or aflatoxins contamination if the average MC of the blend is low enough to prevent mold growth (Sauer and Burroughs, 1980) .
Effect of three levels of temperature on concentrations of aflatoxins and fumonisins produced in poultry rations
Thus, finding presented here proved that aflatoxins secretion by (A.) flavus decreased as temperature increased over 25°C up to 35°C. Fusarium tricinctum and some strains of F. graminearum, F. equiseti, F. sporotrichioides, F. poae, and F. lateritium produced T-2 and other toxic trichothecenes. These fungi commonly attack grains and can grow at temperatures from slightly above freezing to about 86°F. T-2 and HT-2 toxins are produced over a temperature range of 46°F to 77°F, with the maximum production at temperatures below 59°F. There was a trend toward higher rate of aflatoxin accumulation per percentage of Aspergillus flavus infection (MEdi et al. 1997) . The growth rate of G. fujikuroi var. subglutinans was highest at 20°C and 25°C in maize cultures and at 15 C°in rice cultures than in maize, with maximal yield at 25°C of 979 μg/g after 2 weeks and 143 μg/g after 3 weeks in maize and rice cultures, respectively (Setamou et al. 1997) , Castella et al. (1999b) .
Conditions that favor aflatoxin production and the invasion of corn by Aspergillus flavus in the field include drought stress or damage to the corn ear by ear worms or other insects, birds, hail, or early frost. High temperatures, high relative humidity around the kernels, and kernel moisture below 30% (wet basis) are ideal conditions for fungal invasion of the kernel. The optimum temperature for aflatoxin production in storage is between 25°C and 32°C (77°F and 90°F). Kernels with a moisture content below 15% are at less risk of mold growth and aflatoxin production, while an optimum kernel moisture is around 18% and an optimum relative humidity in the bin is 85% or higher. But the field conditions that favor Fusarium to invade these grain crops include warm, moist weather. Blight symptoms can develop within 3 days after infection when temperatures range between 25°C and 30°C and moisture is continuous. Plants appear most susceptible when they are infected at the flowering stage of development. Ochratoxins occur most readily in storage of high-moisture (greater than 22%) grains. Therefore, the only recommended control is to keep grains cool and dry in storage (Proctor et al. 1999) . The amount of aflatoxin produced in storage is determined by storage conditions. The most important factors are grain moisture content and temperature. Optimum temperatures for Aspergillus flavus to grow are 80-90°F; optimum grain moisture content is 18%. Damaged corn also favors the growth of (A.) flavus. Importantly, aflatoxin concentration never decreases in storage; it only increases or remains the same (Sauer and Burroughs, 1980; Magan et al. 1984) .
Conclusion
This report is the first one in this field to investigate the contamination of poultry ration by fungi. Those fungi effects on industry of poultry in Yemen by contaminating the rations and by producing many metabolites may have an effect on growth of poultry and may cause many diseases. Many diseases were observed in many poultry farms like dwarfism and death of big numbers of chicken in different sites. The results indicated high frequency of fungi in all samples which were collected from the big stores in main governorates. The most fungi showed are the most dangerous and have the ability to produce many metabolites like aflatoxins and fumonisin. These results open the door for many future studies to investigate the contamination of fungi on all the cereals which were imported from other countries. As well as to investigate the mycotoxins in the food and the best quality of stores to avoid regrowth of fungi and production of metabolites.
